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Kosti

 Pevné,
* prizatézi se neohybaiji.

* flexible - absorb the energy imposed by
loading as potential energy by elastic
then plastic deformation.

e Pokud se kosti deformuiji prilis malo nebo pfilis
moc, muze dojit ke strukturdlnimu zménam.

* \lysoka mira remodelace snizuje obsah
mineralu v kosti, coz vede ke ztraté tuhosti.




Remodelace kosti
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Remodelace kosti

* \lysoce koordinované
 vyzaduje synchronizovanou aktivitu osteoklastl, osteoblastu a osteocytu

* v mikroanatomické strukture oddélené od dutiny kostni drenég, ale
pristupné mikrokapilarami

Bone Remodeling Cycle
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Tvorba kosti

 zacina diferenciaci osteoblastu a
vystavenim organického osteoidu, ktery
se sklada prevazne z kolagenu typu I.

* ukoncena po osteoblastem o | ®l

zprostfedkované mineralizaci organické " X @@ _—
matrice. os ©

. osteoblasts @ i Ei{ég
* obnoven povech kosti OO comoii

precursors

0SX i{ ‘\\\l.
i RANKL

APOPTOSIS * NFx8
NFATC1

yfl o L

osteocytes

bone-lining cells

The osteoblast lineage derives from MSCs under the control of the transcriptional regulator
RUNX2. The multipotent differential capacity of MSCs can also give rise to chondrocyte,
adipocyte, myocyte and other cell lineages, utilizing lineage-specific transcription factors SOX9,
PPARy2 and MYOD/MYFS5, respectively. RUNX2 is indispensible in all stages of osteoblast
differentiation. After reaching maturity, three different potential fates await osteoblasts. Cells
that become entombed within the bone matrix are called osteocytes, bone-lining cells cover all
bone surfaces while the remainder undergo apoptosis



Osteocyty

* terminalné diferencované
osteoblasty zanoreny v kostni
matrici

e predstavuji témeér 95% vsech
bunék ve zralé kostni tkani — tvori
sit v mineralizované kosti.

e ,mechanosensing” bunky -
detekuji mechanické namahani a
souvisejici kostni mikroposkozeni

* reaguji zahajenim resorpce kosti a
regulaci remodelace kosti.
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Mechanotransduction Bone, Volume 42, Issue 4



/ralé osteoklasty

velké, mnohojaderné, kratkodobé, vysoce
aktivni bunky pripojené k povrchu kosti

zodpoveédni za disociaci mineralu a
enzymatickou degradaci zbyvajici
organické matrix.

po dokonceni resorpce zprostredkované
osteoklastem jsou odstranény zbytky
kolagenu

resorpcni lakuny jsou pripraveny pro
naslednou osteoblastem
zprostredkovanou tvorbu kosti

OSTEOCLAST
M-CSF

MTs ' o
|
TALIN \
cecl| cerc Le3 By | §\A
6y Y s o
O oY O ; K
avp3 '®) O RGD. RGD
HCI CTK
BONE

Proposed mechanism organizing the cytoskeleton of resorbing osteoclasts. 1). M-CSF occupying its receptor, c-fms, stimulates inside-out avp3 activation by
inducing talin association with the B3 cytoplasmic domain that binds c-src constitutively. 2). Clustering of the integrin by RGD ligand increases avidity as well
as affinity by outside-in activation. The liganded integrin activates c-src as evidenced by Y416 phosphorylation. Activated c-src tyrosine phosphorylates ITAM
proteins that recruit Syk to the integrin by binding Syk-SH2 domains. c-src activates B3-associated Syk that phosphorylates Vav3 in the context of SLP-76.
Vav3 then shuttles Rac-GDP to its activated GTP-associated state. 3). Rac-GTP prompts association of lysosome-derived secretory vesicles with
microtubules (MTs) that deliver them to the bone-apposed plasma membrane into which they insert under the influence of Syt VIl and LC3. Rac-GTP and
MTs also promote sealing zone (SZ) formation. Secretory vesicle fusion focally expands the plasma membrane forming the ruffled border and eventuating in
discharge of cathepsin K (CTK) and HCI into the resorptive microenvironment.

orthobullets.com/basic-science/9002/bone-cells



Remodelace kosti

* Aktivace osteoklastu
* Resorbcni faze-v dusledku aktivace osteoklastu-kratka

* Reverzni faze-kostni povrch je pokryt mononukleary, ale novotvorba
kosti dosud nezacala-kratka

* Formacni faze-produkce osteblastu ve vinach v kostni matrix-dlouha.
Tyto bunky se postupné seradi, proniknou do kosti jako osteocyty a
p0d|6hnOU apOptéZE. Bone Remodeling Cycle




RANK/RANKL/OPG system

* jedenz nejdgleiitég)él'ch regulatoru kostni
resorpce a prestavby

* RANK, ktery se nachazi na povrchu pre-
osteoklastU a jejich prekurzord, a jeho ligand
RANKL jsou nezbytné pro tvorbu, diferenciaci,
aktivitu a preziti osteoklastu.

* RANKL je produkovan bunkami osteoblastske
linie, stejne jako jinymi typy bunek v rozpustnych
i membranové vazanych formach.

* Vazba RANKL na RANK ma za nasledek aktivaci
transkripcnich faktort NFkB a NFATC1 a expresi
osteokotogennich genu.

* OPG, produkované osteoblasty a nekolika dalSimi

typ\é bunék, funguje jako inhibicni receptor
vazbou na RANKL, ¢cimz zabranuje aktivaci RANK.

* inhibice RANKL vede k rychlemu zastaveni
osteoklasticke formace, aktivace a preziti, je

rozhodujici pro potlaceni kostni resorpce a
udrzeni kostni hmoty

/'/ >\'\
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Osteoblastic - RANKL- ~RANK Y
cell N £, -
C(\Q_/Q> \ O” Pre-osteoclast ' <>

M-CSF ‘e Growth factors
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Nature Reviews | Cancer



Ostatni modulace systéemu RANK/RANKL/OPG

osteoblasts
R L . v , stromal cells
Prozanetlivé cytoki n\é vylucované dendritc cell
ruznymi imunitnimi bunkami i

vcetné aktivovanych T bunék, B bunék,

makrofagu, zirnych bunék a prirozenych NK IFNB  IL10 /
bunek IFNy IL13 NE (e

IL4 IL18 l e
TNFo, IL1, IL6, IL8, IL11 a IL17 N

RANK
- osteokokotogenni cytokiny podporujici / {M\*‘)

oD
\ TNFa IL8

IL1  IL11

diferenciaci a aktivitu osteoklastizatoru — osteoclasts
zprostredkovanych RANKL, /

IFNy, IL4, IL10, IL13 a IL18

- antiosteokotogenni cytokiny IFNB, inhibuji \ c-Fos |

osteoklasty systémem RANK/RANKL/OPG. NFATCL |

N é kl\t,e r,é ,C\Yto ki ny m 9 h O u m Ilt n a OSteo kl a Sty RANK/RANKL/OPG system.The RANK/RANKL/OPG system is essential for the formation and differentiation of
opacne ucinky (napf. IL-23) which acivtes varows protei Kinese pathways and transcipton factors ke NFes, The actiated NFXG up.egubtes

the expression of C-FOS, which subsequently interacts with NFATC1 to induce the expression of osteoclastogenic
genes. Conversely, OPG prevents the activation of RANK by binding RANKL .



Cytokiny a prostaglandiny

Osteoclastogenic cytokines:
IL-1, IL-6, TNF, IL-8, IL-11, IL-15, IL-17, IL-32 |

e

Anti-osteoclastogenic
cytokines:
IFN-y, IFN-(, IFN-q, IL-4,
IL-10, IL-13, IL-18, IL-33

‘ RANK/RANKL/OPG

Activation of osteoclasts:
cathepsin K, TRAP, calcitonin receptor, OSCAR, 33 integrin

/ LPS
TLR4
RANK \
: RANKL @
-y | osteoblasu

| R

QO
—3> bone resorption *

osteoclast J,

inflammatory
bone loss



Osteo-imunomodulacni komplex

Bone System Immune System Vascular SystemJ
Endothelial and smooth muscle cells
‘ RANK o Dcn'drltic )
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Aktivace RANK/RANKL/OPG

Normalni stromalni buriky zajistuji stabilni
pomér RANKL/OPG, ktery je nutny pro
adekvatni kostni remodelaci.

Stromalni bunky odvozené z obrovskych
tumoroznich bunek zvysene exprimuji RANKL,

coz ma za nasledek zvyseni poméru RANKL/OPG

s naslednym excesivnim vyvojem velkych
polynuklearnich osteoklastu.

Myelom a nékteré formy karcinomu prsu
produkuji PTHrP, ktery indukuje RANKL a
Inhibuje OPG, coz favorizuje osteolyzu a
hyperkalcémii behem maligniho onemocnéni.

Opacny vyvoj u rakoviny prostaty, ktery
favorizuje spise moznost rozvoje
osteoblastického potencialu.

STROMAL CELLS RANKL

>

(NORMAL) OPG

STROMAL CELLS ——llle- . RANKL
(GIANT CELL TUMOR) OPG

MULTIPLE MYELOMA .‘ PTHiP RANKL
o

BREAST CANCER

PROSTATE CANCER o g O
OPG



Parathyroid Hormone Relation Peptide (PTHrP)

* PTHrP byl objeven jako mediator syndromu "humoral hypercalcemia
of malignancy,, (HHM).

* Pri tomto syndromu dochazi u ruznych typu rakovin, obvykle v
nepritomnosti kostnich metastaz, k produkci latek podobnych PTH,
které mohou zpusobit biochemické abnormality jako

* Hyperkalcémie
* Hypofosfatemie
e Zvysena exkrece cAMP moci

* Tyto ucinky se podobaji ucinku PTH, ale objevuji se v nepritomnosti
detekovatelnych cirkulujicich hladin PTH.



7

cinky PTHrP

* Bunécny rust, diferenciaci a apoptozu v mnohych
fetalnich i dospélych tkanich. Nejvéetsi uCinky ma na
kost. Nejvetsi zmény na chrupavcitych rustovych
ploténkach, kde v nepritomnosti PTHrP dochazi k
redukci proliferace chondrocytu s akcentaci

diferenciace a apoptdzy chondrocytu

* Normalni vyvoj chrupavcité rustoveé ploténky. Ve
fetalnim obdobi PTH hraje dominantné anabolickou
roli ve vyvoji trabekularni kosti. PTHrP reguluje vyvoj
rustové ploténky.

* Postnatdlné PTHrP jako parakrinni/autokrinni
regulator prebira anabolickou roli pro homeostazu
kosti, kdezto PTH predevsim udrzuje hladinu Ca++ v
ECT prostrednictvim resorbce kosti.
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Gene Mutation Disease
18 bp duplication Familial expansile osteolysis
RANK 27 bp duplication Early onset Paget’s disease
. Expansile skeletal
15 bp duplication hyperphosphatasia
Deletion of amino acids 145-177 Autosomal recessive
osteopetrosis
A single nucleotide change (596T-A) in exon 8 of Autosomal recessive
RANKL )
both alleles osteopetrosis
Deletion of two nucleotides (828_829delCG) Autosomal recessive
osteopetrosis
OPG Deletion making OPG inactive Juvenile Paget’s disease

20 bp deletion resulting in premature termination
of OPG translation

Juvenile Paget’s disease




Patofyziologie kosti
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Skeletal fragility

Kosterni kfiehkost muze byt dusledkem:

neschopnost vytvorit kostru optimalni hmotnosti a sily
béhem rustu;

nadmeérna resorpce kosti, ktera vede ke snizeni
kostni hmoty a mikroarchitektonickému zhorseni
vlastnosti kosti;

a nedostateCna formacni reakce na zvysenou
resorpci béhem remodelace kosti.




Patologicke fraktury

* Tumory
* primarni

e sekundarni (metastatické) (nejcastéjsi)

* Metabolické
e osteoporoza (nejcaste;jsi)
e osteomalacie
e Pagetova choroba
* hyperparathyroidismus

Pathologic/Fragility Fractures

Y

Low Energy/No Exercise/Repeated Use
Always Check neurological and vascular status
one joint below the injury

I

:

Tumours

See Bone Lesions Scheme

'

Metabolic Bone Disease

A 4

A 4 Y

A 4

* Post-Menopausal
* Elderly

* Gastrointestinal Disease

* Bone Marrow Disorder

* Endocrinopathy

* Malignancy

* Drugs (e.g. corticosteroids)
* Rheumatoid Disease

* Renal Disease

* Poor Nutrition

* Immobilization

Toronto Notes for Medical Students, Inc. (2009). Toronto Notes 209: Comprehensive
Medical Reference and Review for MCCQE | & USMLE II. McGraw-Hill: Toronto, Ontario.

- Paget’s Disease Renal Osteodystrophy Osteomalacia/Ricketts
Osteoporosis : : 5 ; : g
Vertebrae/Hip/Distal Radius Skull/Spine/Pelvis Secondary to Chronic Renal Diffuse Pain/Proximal Muscle
P Positive Alkaline Phosphatase Failure Weakness

* Vitamin D Deficiency

* Mineralization Defect

4 y * Phosphate Deficiency

Primary Secondary




Patologickeé fraktury u pediatricke populace

* Fraktura asociovana s
* minimalnim traumatem
* nezvykla lokalizace fraktury
* abnormalni struktura na RTG

AV N )

* pricina zmeén normalni biomechaniky kosti
* kostnich nadoru (benignich i malignich),
* metabolicka onemocnéni
e osteogenesis imperfecta,
* infekce



Common predisposing benign and malignant lesions by age (adapted with permission from Arkader A, Dormans JP. Pathologic fractures associated with tumors
and unique conditions of the musculoskeletal system. In: Beaty JH, Skaggs DL, Flynn JM, Waters K, eds. Rockwood and Wilkins’ fractures in children. Seventh ed.
Philadelphia: Lippincott Williams & Wilkins, 2010:120-191)

Age (yrs) Benign lesions Malignant lesions

" Metastatic tumours (neuroblastoma, Wilm’s
Oto5 Osteomyelitis (

tumour)
Eosinophilic granuloma Leukaemia
Hand-Schuller-Christian disease Ewing sarcoma
Fibrosarcoma
Eosinophilic granuloma/ Letterer-Siwe disease
5to 10 Unicameral bone cyst (UBC) Leukaemia
Aneurysmal bone cyst (ABC) Osteogenic sarcoma
Nonossifying fibroma (NOF) Ewing sarcoma
Osteochondroma

Fibrous dysplasia
Enchondroma/Ollier disease
Neurofibromatosis/Congenital pseudarthrosis of the

tibia

10 to 20 Unicameral bone cyst Leukaemia
Aneurysmal bone cyst Lymphoma
Nonossifying fibroma Osteogenic sarcoma
Osteochondroma Ewing sarcoma

Fibrous dysplasia
Chondroblastoma
Giant cell tumour
Osteoid osteoma




Poruchy kostni remodelace

Metabolické kostni onemocnéni:

* Osteoporodza (chronicka prevaha osteoklastické aktivity nad
osteoblastickou)

e Osteodystrofie (zrychlena kostni remodelace)
* Kfivice/osteomalacie (zpomalena kostni remodelace)

* Pagetova choroba



Poruchy kostni remodelace

Metabolické kostni onemocnéni:

* Osteoporodza (chronicka prevaha osteoklastické aktivity nad
osteoblastickou)



Metabolicka onemocnéni kosti

« Osteoporoza je nejCastéjsi metabolickou abnormalitou kosti. Je popisovano jako "ticha
epidemie" postihujici jednu ze dvou zen a jeden z péti muzu, starSi nez 50 let.

« definovano jako systémoveé kosterni onemocnéni charakterizované snizenou kostni
hmotou a mikro-architektonickym zhorsenim struktury kosti, coz vede k zlomeninam s
malym nebo bez traumatu.

Osteoporotic bone



Osteoporoza

« Kostni hmota jedince v pozdejsim zivote je vysledkem vrcholu kostni hmoty
nahromadené behem nitrodelozniho zivota, detstvi a puberty, stejne jako

nasledne miry ubytku kostni hmoty.

» ACkoli genetické faktory silne prispivaji k vrcholu kostni hmoty, faktory
zivotniho prostredi v nitrodeloznim zivote, detstvi a dospivani moduluji

geneticky determinovany vzorec rustu skeletu.

Bone mass
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Etiopathogenesis of osteoporosis

e complex interactions among local and systemic regulators of bone cell function.

« The heterogeneity of osteoporosis may be due to
« differences in the production of systemic and local regulators,
« changes in receptors,
* signal transduction mechanisms,
* nuclear transcription factors, and
* enzymes that produce or inactivate local regulators.

* Since the first human osteoporosis study indicated an association among bone mass, fragility,
and polymorphisms in the vitamin D receptor (VDR) gene, more than 30 candidate genes have
been reported that might influence skeletal mass and fragility.

e Since osteoporosis Is a complex, polygenic disorder, the contributions of specific gene
polymorphisms are likely to be relatively small, but may still be clinically important.



/Zakladni patogenetické mechanismy
osteoporozy

Fragilita skeletu muze byt zpusobena
* (a) neschopnosti produkovat kostru optimalni masy a sily béhem rustu

* (b) zvySenou kostni resorbci, ktera ma za nasledek snizeni kostni masy a
poruseni mikroarchitektury kosti

* (c)neadekvatni novotvornou odpovedi kosti na zvysenou resorbci
béhem kostni remodelace.

* Kostni remodelace predstavuje u dospélé kosti hlavni aktivitu. Kostni
remodelace neboli BMU(=bone multicellular units).



Priciny osteoporozy

* Nadbytek glukokortikoid
* Nedostatek vitaminu K2

¢ N e d O State k e St o ge N loj Peak bone mass Decreasing @
L 1 with age

- —_ —_
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750

Bone mass
(total mass of skeletal calcium in grams)
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* Nedostatek pohybu-imobilizace obecn o {

500 |
to menopause ! <

250
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Age (in years)

Anatomy & Physiology, Connexions Web site. http://cnx.org/content/col11496/1.6/, Jun 19, 2013.



Estrogeny a kost

Estrogeny jsou kriticke ECO uzavirani
puberté u divek i u hochu

epifyzalnich stérbin v

Estrogeny reguluji kostni obrat u zen i u muzu

nladiny pro u

Kostry na estrogeny zrejme souvisi s

Hladiny estrogevnﬁ udrzujicich kostni hmotu jsou nizsi nez
rzeni funkce klasickych cilovych organu
oroestrogeny (prsni zlaza a deloha). Tato vyssi senzitivita

\'4

vekem.

Osteopordza u starych muzu je vice asociovana s nizkymi

hladinami estrogenu nez androgenu

Behem menopauzy dochazi v duslec
akceleraci jak markeru destrukce, ta

ku poklesu estrogenu k
K novotvorby kosti.

Deficit estrogenu narusuje novotvor

ou béhem kostni

remodelace reagujici na mechanicke zatizeni, coz vede v
etech po menopauze k progresivni ztraté denzity kosti.

| éCeni estrogeny zvysuje kostni masu i u 80 letych zen.

Estrogen

Proges-| - -« - ..

terone

HORMONE

75% reduction

from age 35-50

*) 35% reduction from age 35-50

At menopause, there
is a relatively high

estrogen level compared

to progesterone
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1. Peak bone mass
2 Menopause-induced bone loss
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Remodelling of bones. Estrogen action
places (i)

Hematopoietic Mesenchymal
stem cell stem cell

T lymphocyte | i
s Msteoblastic Osteoblast

stromal cell precursor
L|n|ng cells (_\

4/47‘\¢/,\.4 ‘\-4-/4\4

? Dstenciast r 77| Osteoblasts
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Raisz, L. G. J. Clin. Invest. 2005;115:3318-3325 \\‘

ZICI

Osteocytes

Copyright ©2005 American Society for Clinical Investigation



Osteoporoza indukovana kortikoidy

PROLIFERATION

* leptin
v T3

cortisol
androgens
* estrogens

VT3
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Casté nezadouci uginky glukokortikoidni terapie - osteopordza indukovana
glukokortikoidy

» Osteoporoza vyvolana glukokortikoidy je nejCastejsim typem iatrogenni osteoporozy a
castou pricinou sekundarni osteoporozy.

« Odhaduje se, ze 50% pacientu uzivajicich glukokortikoidy po dobu delSi nez 6 mésicu
se bude vyvijet sekundarni osteoporoza.

» Absolutni riziko osteoporozy vyvolané glukokortikoidy je vySSi u pacientu ve véku 65
let nebo starsich vzhledem k jejich zakladnimu riziku zlomenin souvisejicino s vekem,
ackoli relativni riziko zlomenin y souvisejici s uzivanim glukokortikoidu muze byt jesté
vySSi u pacientu mladSich 65 let.



Vitamin K a kosti

Vitamin Kz je podstatnym kofaktorem pro y-
karboxylazu, enzym, ktery katalyzuje konverzi
specifickych rezidui kysellny glutamové kyseliny na
rezidua Gla.

Vitamin K, je potfebny pro y-karboxylaci proteinu
kostni matrix obsahujicich Gla, jako je MGP (=
matrix Glaprotein) a osteokalcin.

Nekompletni y-karboxylace osteokalcinu a MGP
vede k pri nedostatku vitaminu K osteoporoze a
zvysenemu riziku fraktur. Vitamin K, stimuluje
syntézu osteoblastickych markeru a depozici kosti.

Vitamin K, _snizuje resorbci kosti inhibici tvorby
osteoklastu a jejich resorbcni aktivity.

Leceni vitaminem K, mdukug) apoptozu osteoklastd,
ale inhibuje apoptozu osteo lasty, coz vede ke
zvysene tvorbe kosti.

Vitamin K2 podporuje expresi osteocalcinu (zvysuje
jeho mRNA), coz je mozno dale modulovat
podavanim 1CI 25-(0OH),vitaminu Ds.

Vascular endothelial cell,
VSMC, macrophage

Chondrocyte,
osteoclast
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Dp-ucMGP
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! Vitamin K
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Activation, :
Vitamin Ky =——s [ GGCXJ
SXR Enzymatic
Action
1 v-Carboxylation of Gla Proteins
L . Osteocalcin (BGP)
Transcriptional Regulation MGP
of Target Genes

!

Upregulation of
Extracellular Matrix Proteins
TSK, MATNZ2

!

Increase in
Collagen Accumulation

!

Improvement of
Bone Quality?

Fig. 3. SXR- and vitamin K,-dependent regulatory mechanisms of
bone metabolism in osteoblastic cells. SXR promotes collagen accumus-
lation in osteoblastic cells by regulating the transcription of its target
genes including those encode extracellular matrix proteins. Vitamin K,
plays a role in the posttranslational modification of Gla proteins by
functioning as a coenzyme of y-glutamyl carboxylase (GGCX) and also
acts as a potent SXR ligand in bone metabolism

2+
Ca

c?o -00¢ oo~
\ Vs
. . CH
Glutamic acid | I Gammacarboxy-

(Glu) " CP2 glutamic acid (Gla)
- Gamma glutamyl carboxylase ;

CO, 0, R-CH-COO

Uncarboxylated - Carboxylated active
inactive protein protein
-2 electrons
Vitamin K hydroquinone (red) Vitamin K epoxide (0x)
Vitamin K epoxide -reductase/
NAD+ quinone reductase NADH + H+

Vitamin K antagonists (e.g. warfarin) {

Dermato-endocrinology, 01 Jan 2014, 6(1):e968490

- Vitamin K, je transkripcnim

reguladtorem genu specifickych pro
kost, které pusobi prostifednictvim
SXR zvyseni exprese
osteoblastickych markeru.

Puvodné SXR zndm jako
xenobioticky senzor...




Vitamin K dependent Gla protein Function

Liver Hepatic carboxylation

Clotting factors Il, VII, X and XlI Haemostasis (procoagulant activity)
Protein C, S and Z Haemostasi (anticoagulant activity)
Various tissues Extra hepatic carboxylation
Osteocalcin Calcium and bone metabolism

Inhibitor of vascular calcification (cartilaginous tissue, vascular wall of the
Matrix-Gla-Protein
vascular smooth muscle cells)

Cell growth (endothelium, smooth muscle cells), apoptosis, phagocytosis

(?)

Growth-arrest specific gene 6 (Gas6)

Transmembrane GLA-protein Signal transduction to phosphatidylserine (?)

Periostin Bone metabolism, cell migration, angiogenesis (?)

Other: carboxylase, transthyretin, Gla-rich-Protein (GRP) To date mainly unknown




Deficit vitaminu K

* Nedostatek vznika pri poruse resorpce tuku
ve strevech, jaternim selhani.

* Poruchy srazlivosti krve —nebezpeci u
kojencu, zivot ohrozujici krvaceni

(hemoragie).

* Ridnuti kosti —osteopordza —$patna
karboxylace osteokalcinu a snizena aktivita

osteoblastu.

e Za normalnich okolnosti nedochazi k
nedostatku, je v potravé hojné zastoupen.

Vitamin K
(e.g. menaqguinones)

i ™~

Matrix GLA Protein Osteocalcin
ucMGP — cMGP ucOc — c¢cOc
‘ Calcium ‘v ’ Calcium ﬂ
Inhibition of vascular Promotion of bone
calcification mineralization

Dermato-endocrinology, 01 Jan 2014, 6(1):e968490



Osteokalcin (OCN)

Gie-OCN, 22live 0s2o0caicin meulin ]

e-4U - MO, L8 )
| Opg mhitilorof bose esorption [ o

| 82, Phocaphet
Esp e anu tias

* nejcastejsi nekolagenovy protein kostni matrix I f i '\<
* vyuziva jako biochemicky sérovy marker tvorby .
st S ey
Osteobisst — / Tcirgt @ C:-’O
* hormon, ktery reguluje homeostazu glukozy, amon ,,&
energeticky vydej, muzskou plodnost, vyvoj mozku \-n...oc,. L

Resorption lacuna

a kognitivni funkce.

Bone extracelluiar matrix

* OCN je regulovan inzulinovou signalizaci v OB

* OCN stimuluje proliferaci B-bunék pankreatu a
sekreci inzulinu a zlepsuje citlivost na inzulin v
perifernich tkanich.

* metabolicka role skeletu vyvolava dulezité otazky
tykajici se normalni fyziologické a patofyziologicke
regulace

J Cell Physiol.2018;233:3769-3783.
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J Cell Physiol.2018;233:3769-3783.

Predpokladana reciproka endokrinni regulace funkci kosti a tukové tkané: Karboxylovany osteokalcin (OCN) je produkovan osteoblasty a je nasledné vazan na
hydroxyapatitovy mineral vyzralé kosti.

Béhem resorpce kosti rizené osteoklasty se uvolnuje do cirkulace nekarboxylovany osteokalcin (ucOCN),odkud vyznamné podporuje produkci inzulinu pankreatem.
Inzulin zvysuje expresi OCN osteoblasty a zaroven podporuje jeho dekarboxylaci plsobenou osteoklasty. Inzulin ma také pozitivni vliv na sekreci leptinu
adipocyty, coZ vede k inhibici kostni produkce i resorpce hypotalamickym vlivem leptinu. Produkce ucOCN je tak snizena a dochdzi k modulaci orexigennich efekt(
ucOCN na produkci inzulinu pankreatem.



Sweet bone—osteoporotické zlomeniny u

diabetes mellitus

Porucha osteogeneze u T1DM.
Destrukce B-bunék pankreatu u
pacientl s TIDM zabranuje sekreci
inzulinu, IAPP a preptinu, ¢cimz se
snizuje jejich ucinek na gen RUNX2.

Toto vede ke snizeni proliferace a
diferenciace MSC na osteoblasty a
jejich odolnost vuci apoptdze — brani
osteogenezi, ovliviuje kostni denzitu

Diabetes mellitus 1. typu (T1DM)

postihuje kostru vaznéji nez diabetes

mellitus 2. typu (T2DM)

Pancreas

Damaged
pancreatic p cells

+ Osteocalcin

Y Insulin

+ Preptin

#Glucose control

{ Osteocalcin

TN

Mature osteoblast

Testis

Ny

\ ¥ Proliferation

JIAPP —— RUNX2 | | ¥ Differentiation
+ Apoptosis resistance ncreased risk of frac

Dsteogenesis
Low bone density

MSC

{ Testicular
testosterone
secretion

Nature Reviews Endocrinology volume 8, pages297—-305 (2012)



DM a kost

T2DM negativné ovliviiuje trabekularni kostni hmotu, zatimco kortikalni kostni hmota je zvysena.
(1) Pocet a funkce osteoblastl je snizena. Kromé toho se snizuji hladiny vitaminu D, coz ovliviuje
homeostazu vapniku a fosfatu.

(2) Osteoblasty pochazeji z MSC podporuiji diferenciaci na tukové adipocyty u T2DM, coz vede k
adipozité kostni dfené a zvysené expresi cytokinli a chemokin.

(3) To ma za nasledek zvyseny zanét vedouci k akumulaci prozanétlivych makrofagti M1 a snizeni
polarizace na protizanétlivé makrofagy M2.

(4) Sit osteocytu je redukovana v disledku zvysené rychlosti apoptdzy. Je zvySena exprese
sklerostinu - inhibitoru funkce osteoblastl a podpora osteoklastogeneze. Dale je zvySen FGF-23,
fosfaturicky hormon.

(5) U&inky na osteoklasty jsou v literatufe kontroverzni, ale T2DM je obecné spojovan se snizenim
kostniho obratu.

(6) Zvysena permeabilita cév a mikrohypoxie.

(7) Pacienti s T2DM maji zvysené riziko padu a zlomenin

(8) zvysena tvorba produktt pokrocilé glykace (AGE).

Diabetes C_Jgteo_b_lgst
7 1 | 1 Apoptosis ___
|, BMPs © 7\ Proliferation
Increased Inflammation (TNFa et al) ¥ Runx2 A\l, "
Differentiation
Increased AGEs V Fra Reduce.d Bone
_ Formation
Increased Reactive oxygen species P e MSC P
Hyperglycemia Reduced Bone
A adipogenesis Quality
Lack of insulin orinsulin signaling IPPARy ,
=
adipocytes

Current Osteoporosis Reports, 13 (5), 327-335.
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Poruchy kostni remodelace

Metabolické kostni onemocnéni:

e Osteodystrofie (zrychlena kostni remodelace)



Osteodystrofie

e Primarni
hyperparathyreoidismus je
nasledkem onemocnéni

VI

pristitnych télisek, nejcastéji

adenomu.

* Priznaky: chronicka
hypekalcémie,
nefrokalcinoza,
osteodystrofie jako projev

excesivni kostni remodelace.

Blood Parathyroid Hormone (PTH) Level
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Kidney
Fire Primary Hyperparathyroidism
80%
Vitamin D 50%
Deficiency
Normal
Range
For
Calcium
& PTH
High Calcium of Malignancy
I I I I I I I
8 9 10 11 12 13 14

Blood Calcium Level (mg/dn Copyrisht © 2008

Morman Parathyroid Clinic



Osteodystrofie

* Sekundarni hyperparathyreoidismusis—
obvykle u chronického onemocnéni
ledvin s tendenci k rozviji chronického
ledvinného selhani v dusledku
neschopnosti ledvin resorbovat
kalcium-renalni osteodystrofie jako
projev excesivni kostni remodelace.

NI/ e

* Jiné priciny-obvykle nutricni: deficit
kalcia a fosfatu ve strave, nadbytek
fosfatu ve strave.

Chronic kidney disease
i

v v V

w1 ,25-(OH,)D; Low bone turnover | | latrogenic,
(¥ conversion) ! (4 remodelling e.g. steroids,
’ ¥ bone formation) | | post-transplantation
,u | e.g. Calcitriol
( | Bone ) prescribed
Mechanism mineralization L AR )
{ca® u
absorption
Serum | TALPY Ca, }Ca +4Ca [ High — low ]
. 4 PO, 1 PO, Normal ALP bone turnover later
\1&

e

: \
ﬂ i
I |
[

[ Osteomalacia ] Adynamic bone disease ] [ Osteoporosis}

Secondary
hyperparathyroidism
Disease ‘ WV ‘

Tertiary

| hyperparathyroidism
(long term)
Osteosclerosis |

Osteopenia ]

Radiological [ Pseudofractures
signs (Looser’s zones)

\

Subperiosteal erosions
Pepperpot skull

Rugger jersey spine
(Adenomas (brown tumours))

Renal osteodystrophy: Pathogenesis and
radiological features of renal bone disease. ALP, alkaline
phosphatase.
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Poruchy kostni remodelace

Metabolické kostni onemocnéni:

* Kfivice/osteomalacie (zpomalena kostni remodelace)



Osteomalacie a krivice

» Klasicky, nedostatek vitaminu D, nezbytny pro vstrebavani
vapniku, byl hlavni pricinou krivice u ditete a osteomalacie u
dospelych

» coz vede k inhibici nebo zpozdéni v mineralizace rustove
chrupavky nebo nove vytvoreneho kostniho kolagenu.



Osteomalacie a krivice - fosfaty

» DUsledek nizké hladiny fosfatu v séru a normdiniho vdapniku v
SEru.

« Dva takové podminky jsou x-vazané hypofosfatové krivice /
osteomalacie a onkogenni osteomalacie.

« Pokud jsou pritomny, priznaky krivice a osteomalacie v nizkych
stavech fosfatu v séru jsou k nerozezndni od klasickych
hypokalcemickych stavu.



X-vazand hypofosfatickd osteomalacie

) T@ n TO S-G V je’ C hO rO kTe rizovlé n s T Autosomal Dominant X-Linked
nizkou tubularni reabsorpci fosfatu Omoomass  Hpophosehatamic  Hypophosphatamic

v nepritomnosti sekundarni Forzs s =
hyperparatyreozy. C mor

- Overproduction FGF-23 Y
, ’ 7 . Regulation of of FGF-23 . | ; HEX
« X-v@zand hypofosfatemie se FGF23 Lovels and Oter o | |l ™

Through Enzymatic Phosphatonins

e e & B2 astd? A e T
povazovana za nejcaste)si formu -
ge n eTI C ky I nd U kOVO ne krIVI Ce . Normal Circulating

— Increased Circulating -

FGF-23 Levels [ FGF-23 Levels
E Y ' Y
Decreased Expression of Down-Regulation of
Y NaP lla Cotransporters Renal 1o-Hydroxylase
Y Inhibitionyof Tubular Y
P, Homeostasis Reabsorption of P, Low to Normal
y 1, 25-(OH), Vitamin D
Y Phosphaturia (No Compensatory Increase)
Normal P, Level A » Hypophosphatemia =

Jan de Beur, S. M. JAMA 2005;294:1260-1267. With Permission.



Onkogenni osteomalacie

» Onkogenni osteomalacie je paraneoplasticky syndrom, pri kterem
nador kosti nebo mekkych tkani nebo nadorova léze indukuje
hypofosfatmii a nizkeé hladiny vitaminu D, které se pri resekci leze
navrati do normalu.

* Fosfotonin
e FGF-23



Poruchy kostni remodelace

Metabolické kostni onemocnéni:

* Pagetova choroba



Laboratory findings

Pagetova choroba

eelevated urinary collagen cross-links
eelevated urinary hydroxyproline
(collagen breakdown marker)

e abnormalni kostni remodelace eincreased urinary N-telopeptide, alpha-
e aktivni souhra mezi nadmeérnou resorpci kosti a abnormalni novou C-telopeptide, and deoxypyridinoline
p enormal calcium levels
tvorbou kosti

e Patofyziologie zpUsobuje

e genetickd predispozice

e pomala virova infekce (intra-nuclear nucleocapsid-like structure)
eparamyxovirus
erespiratory syncytial virus

eEpidemiologie
* nejvyssi vyskyt v paté dekadeé zivota
e bézné u Kavkazské populace
e bez vazby na pohlavi
e Umisténi
e monostotické nebo polyostotické
* mezi bézna mista patri stehenni femur > pelvis > tibie > lebka > pater ‘ 7

* Signs and symptoms
* VétSina asymptomaticka
* Lebka: deformita s zvétSenim, ztrata sluchu, zavraté
*  Pater a panev: bolest kosti, spinalni stendza, komprese nerv(

* Dlouhé kosti: deformity se zvySenym rizikem zlomenin



Pagetova choroba - genetika

Genetika
edédicnost

evétsSina pripadl je spontdnni

eDédicné
efamiliarni byly popsany s ~40% - autosomalné dominantni prenos

egenetika

etendenc zavazného onemocnéni - Paget
etaké inzeréni mutace v TNFRSF11A kédujici gen pro RANK

Nature Reviews Rheumatology volume 5, pages483—489(2009)

eNejdulezZitéjsi je 5935 QTER (ubiquitine binding protein sequestosome 1) SQSTM1 (p62/Sequestosome)
IBM = inclusion body myopathy

FEO = Familial expansile osteolysis

Extracellular

= e
ESH w* Juvenile PDB
Early-onset PDB \ PG| (Classical PDB

Intracellular -
RIP TRAF
Classical PDB p62 o IBMPFD
aPKC gvCE \
IKK % IFB '
* NFXB |

Response genes ﬁ . / Proteasome

\\(-w ,v(' M ,'vr Iw(*m ‘ ’f’-. ,—(* ra

DNA | ;

Nature Clinical Practice Rheumatology volume 2, pages270-277(2006)



Dalsi poruchy kosti

Osteopetroza
Abnormality kolagenu



Osteopetroza B

* vzacna geneticka kostni porucha zpUsobena Spatnou funkci
osteoklastU, kterad vede ke zvysené kostni hmoteé.

* TFi primarni typy s &
M Pathological position,
* autozomalneé recesivni osteopetrdoza, e

* intermediarni autozomalne recesivni osteopetroza, a
* autozomalneé dominantni osteopetroza.

 Autozomalné dominantni osteopetroza je nejcastejsim a
meéne zavaznym typem,
e zacina v adolescenci,
 postihuje prevazne axialni skelet a dlouhé kosti symetricky a

* je provazena zvysenou Cetnosti zZlomenin v disledku nestability Neolithic individual with osteopetrosis and the
postizené kosti — porucha architektury. diagnostic methods applied
 Autozomalné dominantni osteopetrdza ma celosvétovou Kosti vykazovaly vyraznou generalizovanou sklerdzu s obliteraci
prevalenci jednoho 7 20 000 porodﬁ. drenové dutiny. Vyraznou charakteristikou osteopetrozy je

zesileni metafyz dlouhych kosti.

www.thelancet.com/diabetes-endocrinology Vol 8 October 2020



Osteopetroza
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Abnormality kolagenu

Gene \ g 3 Protein
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AD osteogenesis imperfecta - kostni dysplazie:

Mutace v COL1A1 nebo COL1A2 se prekladaji do kolagenovych a-
fetézcd s abnormalni  strukturou, které zpoiduji skladani
heterotrimeru a vedou k nadmérné post-translacni modifikaci
kolagenové oblasti helixu.

Mutované retézce prokolagenl, které se nemohou zaclenit do
heterotrimerd, jsou

* retrotranslokovan do cytosolu a degradovan cestou ERAD (1);

* Spatne wusporadaneé heterotrimery se strukturalnimi vadami
vytvareji supramolekularni agregaty, které jsou eliminovany
autofagii (2);

e mutované molekuly s mutacemi triplehelixi jsou degradovany
neidentifikovanou cestou (3).

* abnormalni prokolagen muze byt vylucovan, zpracovavan a
zaclenen do extracelularni matrice (4).

Mutovany kolagen ovlivhuje fibrilni  strukturu a interakce
nekolagemnich proteint s matrix, jakoz i mineralizaci matrice a vyvoj
osteoblastu a vztah mezi bufikami a bufkami a matrix. Celkovym
vysledkem je deformace kosti a kfehkost



Abnormality kolagenu

Gene \ g 3 Protein
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Nekolagenni geny, ve kterych mutace
zpusobuji varianty osteogenesis imperfecta

Gene Protein Phenotype Bone collagen abnormalities
CRTAP CRTAP AR, bone fragility, reduced «l(DP986 and «2(1)P707 under prolyl-3-
JEPRE] P3H1 prolyl 3-hydroxylase SP3HI complex mineral density hydroxylation, high HP/LP (CRTAP, LEPRED),
o low HP/LP (PPIB)
PPIB CYPB, cyclophilin B
FKPBIO FKBP65 AR, Bruck syndrome: bone Lack of telopeptide hydroxvlysines produces skin-
PLOD? LH2, lysyl hydroxylase 2 fragility, joint contractures  like cross-links
SERPINH] HSP47, heat-shock protein 47 AR, bone fragility (type Il  High HP/LP and abnormal arrangement of cross-
OT) linking bonds
SERPINF1 PEDF, pigment epithelium-derived factor AR, bone fragility, low bone Defective mineralization, no other collagen
mass and wide osteoid abnormalities detected
seams
BMPI Procollagen type I C-propeptidase AR, bone fragility, high Defective C-propeptide removal, potential cross-
mineral density linking defects
{FITM) Bril, osteoblast-specific small AD, bone fragility, None reported
transmembrane protein hyperplastic callus (type V
O

Of osteogenesis imperfecta, AR autosomal recessive, AD autosomal dominant, #P hydroxylysylpyridinoline, LP lysylpyridinoline

Calcified Tissue International 2013



Marfanuv syndrom

* Fibrillin is the major
component of beaded
microfilaments
possessing elasticity

Fibrillin-microfibrils

Elastic lISSV
- (é é Eicroﬂbrlls @

Elastin core

.../ =
tis

sues

\——_—.\
wn -elastic

Elastic fibers Microfibril bundles

#9 Active TGF-p R\ ¢/ Active BMP

CJ Latency associated peptide ¢ BMP prodomain

Reference Module in Biomedical Sciences, 2017

Name

Fibrillin-1

Fibrillin-2

Fibrillin-3

Osteociasioganesss

y 9

Bone Bone
ormation

Ostecbiastopanesss

M.W. Structure

Extracellular

~320 kba microfibrils

Extracellular

~350 kDa microfibrils

Extracellular

350 kDa microfibrils

<8 Ca‘

" = @i

Oslectiastoganesis Osfeociasioganesis Os.‘eobas&m*'st Oslaociastogenesss
Bone
SOrmMason
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Domains

cbEGF-like, TB,
hybrid domains

cbEGF-like, TB,
hybrid domains

cbEGF-like, TB,
hybrid domains

The Journal of Cell Biology 190(6):949-51

Site of expression Normal function Pathology

Mature skin, Marfan, Weill-
. Proper assembly .
embryonic e Marchesani
. of elastic fibers
tissues, aorta syndrome
Developing skin . .
Ping Mild skin
and other Proper assembly
. . pathology, Beals
embryonic of elastic fibers, .
. ) syndrome, distal
tissues, bone formation

developing digits arthrogryposis

Assembly of

. Unknown
elastic fibers

Embryonic tissues

Source: cb EGF-like calcium-binding EGF-like domain, TB TGFB binding domain.
Abbreviations: cb, calcium binding; EGF, epidermal growth factor; TB, binding sites for TGFp.



/anét kosti (osteomyelitida)

* plvod:

- hematogenni

- primé sireni z okoli (abscesy, otevrené fraktury)
e prubéh

- zanét kostni drené — Sireni na povrch kosti

odtrzeni periostu (okostice) od kosti —

porucha cévniho zasobeni kosti —

nekrdza kosti = kostni sekvestr
- event. protrzeni periostu — provaleni hnisu na povrch (pistéle)
« $patny prunik ATB, ¢asto pfechod do chronicity — sekundarni amyloidéza
* Sireni

 zanet sousedniho kloubu

- porucha rustové chrupavky (malé déti)

— poruchy rustu

* TBC osteomyelitis
- nejCasteji obratle



Klouby
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Zanéty kloubu

(1) infekcni — pricina:

- trauma a nasledna infekce kloubu

« Staphylococcus aureus

« Vv souvislosti s osteomyelitidou v okoli
- hematogenni rozsev pri systémovem

onemocnéni
» kapavka, TBC

(2) sterilni — pricina:
- degenerativni

« z pretizeni a mikrotraumatizace
kloubu

- parainfekéni
» virova onemocnéni, borelioza
bakterialni (revmaticka horecka)
- metabolicka
 krystalické artropatie (dna,
chondroklacin6za)
« Jiné (amyloidoza)
« autoimunni

« systémove nemoci pojiva (SLE,ORA,

« spondylitidy (Bechtérev, Reiteruv
syndrom)

» doprovodné (psonaza, Crohn, ...)
O v .
prubeh a komplikace
» bolest
« serozni vypotek

- hojeni granulacni tkani =>
znehybnéni (ankyldza) kloubu

Osteoarthritis

Rheumatoid
arthritis

Spondyloarthritis

Viral arthritis

= =
m &
O =



Metabolické zanéty kloubu

earthritis uratica (dna)

-ukladani soli kyseliny mocove v kloubu a jeho okoli
(ulozeniny kyseliny = dnaveé tofy)

-prudké bolesti postizeného kloubu (bazalni kloub palce

nohy, ale i jiné klouby)

epricina:
primarni: metabolicka porucha (geneticka predispozice
+ strava)
sekundarni: cytostaticka lécba (vznik kyseliny mocove
z rozpadlych nadorovych bunék), poruchy ledvin...

epodrobné&ji viz Poruchy metabolizmu nukleotidt (puriny)

MU N
ED

—




Parainfekéni zanéty kloubu

¢ febris rheumatica (revmaticka horecka)

- je celkové zanétlivé autoimunitni onemocnéni postihujici
pojivovou tk., ruznych orgadnu hlavné kloubd, srdce, cév a
nervoveho syst.

nejzavaznejsi je postizeni srdce - priCina vzniku
chlopennich vad
klinicky nejndpadnéjsi je postiZzeni kloubu arthritis
rheumatica (kloubni revmatismus)
*klasicka ataka RH se projevuje, jako prudka, stehujici se
polyartritida s priznaky horecnatého onemocnéni
muze postihnout také ledviny, periferni cévy, mozek
—vznika po nedolécené streptokokové anginé nebo spale (beta

— hemolyticky streptokok ze skupiny A)

e u precitlivélych jedincl vznikaji autoprotilatky proti vlastnim
tkani

MU N
ED

—




A 4

Kloubni onemocnéni

« nevratné zniceni chrupavky, slachy a kosti,
které tvori synovidlni klouby
revmatoidni artritidy (RA) a
osteoartrozou (OA).

« Zatimco chrupavka se skladda z

oroteoglykanu a kolagenu typu I, Slachy o

kosti se skladaji predevsim z kolagenu typu
.

Arucular
cartillage

Collateral

hoament

NMeniscus



Revmatoidni artritida

Prevalence revmatoidni artritidy u vetsiny Kavkazskych populaci - 1% u dospélych
od 18 let a zvySuje se s vekem

* ve véku 65 let dosahuje 2% u muzu a 5% u zen

Incidence vzrusta s vékem, vrcholi mezi 4. a 6. dekadou

Jak prevalence, tak incidence jsou u zen 2-3krat vyssi nez u muzu

Monozygoticka dvojcata 13,5% vs. dvojcata dizygoticka 3,5%
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“One must from time to time attempt things that are
beyond one’s capacity.”
—Plerre-Auguste Renoir






Revmatoidni artritida

 Revmatoidni artritida je autoimunitni
onemochneéni postihujici klouby, slachy a
kosti.

* vede ke vzniku zanétu a poskozeni/zniceni

techto tkani.

* Termin "artritida" se pouziva k oznaceni klinicky
patrného otoku meékke tkané nebo tekutiny.
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Revmatoidni artritida

¢, temporomandibular
* Charakterizovana symetrickou

cervical spine 40%
polyartritidou, ktera obvykle zahrnuje malé ‘T
klouby rukou a nohou.

cricoarytenoid 10%
acromioclavicular 50%
shoulder 60%

sternoclavicular 30%
yv ) - elbow 50%

- hip 50%
 Extra-artikularni postizeni organu, jako je R

o Vv 7 Ve o v / / /7 v g "2y --0-?' wrist B09%
kuze, srdce, plice a oCi, muze byt vyznamneé. MCPs, PIPs 90%

T knee 80%

- - ankle, subtalar 80%

MTPs 90%



Revmatoidni artritida

* Popis
e Rani ztuhlost

e Artritida 3 nebo vice kloub

e Artritida kloubu
ruky

* Symetricka artritida

* Revmatické uzliky

* Pozitivni revmatoidni faktor
* Radiografické zmeény

* RA - pozitivni 4 ze 7 kritérii, s kritérii
1-4 pritomnymi po dobu nejméne 6
tydnu




Funkcni prezentace a postizeni u RA

* \/ pocatecnich stadiich postizeni kloubu je pritomna bolest a zarudnuti,
s odpovidajicim poklesem rozsahu pohybu postizeného kloubu

* Progrese choroby vede az k fixovanym deformacim

 Svalova slabost a atrofie se objevuji brzy v prubéhu onemocnéni



Klinicka prezentace RA

Zavazna RA

Casna RA Intermediarni RA

Latinis KM, et al. The Washington Manual™ Rheumatology
Subspecialty Consult. Philadelphia, Pa: Lippincott Williams
& Wilkins; 2004.



Patogeneze RA

* Patogeneze RA je pricitana komplexni interakci mezi genetickymi a
environmentalnimi faktory a opakované aktivaci vrozeného a ziskaného
imunitniho systému s poruchou auto-tolerance, aberantni prezentaci auto-

antigenu a aktivaci antigen-specifickych T a B bunék.

* Genetickeé faktory - dulezita role v nachylnosti k revmatoidni artritide
* HLA-DRB



Prvni krok — kloubni nemoc?

* Ackoli je synovium hlavnim mistem patologie v klinické fazi onemocnéni, nemusi to byt misto
puvodu onemocnéni.

e Systémové imunitni abnormality bez kloubnich priznaku a nepfitomnost infiltratl v synoviich
béhem nejcasnéjsi faze bez klinickych priznakl a symptomu artritidy ukazuji na dalsSi tkané, které
jsou dulezité pri zahajeni adaptivni imunitni reakce.

* Dulezitymi tkanémi jsou kostni drfen, lymfatické uzliny, GIT, periodontalni tkan, plice a
neuroendokrinni systém.
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Adaptive immunity Cartilage degradation
Innate immunity Bone erosion

Mclinnes and Schett, NEJM 2011




RA bez klinicke artritidy

* Po pocatecni fazi, charakterizované systémovou autoimunitni reakci bez synovialniho
zanetu, nasleduje kratsi faze, béhem které je pritomna asymptomaticka synovitida.

a Initiation (perlphery) b Propagation (synovium) ¢ Tissue damage (bone and cartilage)
IL-4, IL-10, IL-13 Immune complex ! at cell '
m -:.-. | Synovial
Q 0 fibroblast
CD40L, CD40 < MMP, PGE,,
Teell (€ s> CCLS, IL-18.
B cell
R
MHC
S5 F, IL-1, CCL2, CCL3, — T
3 u.-a CXCL8, LTB,, VEGF H". cathepsin K
Dendritic J
cell FcR Monocyte
Macrophage {:;; > & >\,°°° g ROS, NO
o
CCR  &ONs )
Neutrophl&\'}g EEgnms formgg_ip_g]

Nature Reviews | Immunology



RA bez klinicke artritidy

* Synovialni a kostni abnormality (napr. Ultrazvuk nebo MRI) - zmény jako zhrubnuti
synovialni tkané, zvysena synovialni vaskularita a edém kostni drené u pacientu se
symptomy bez klinické artritidy




RA progrese

Chronicka aktivace vede k synovidlnimu zanétu, hyperplazii a destrukci kosti vedouci k otokim a
deformacim kloubu a k systémovému zanétu.

Stromal

Model for the Etiology of RA

Monocyte/

AUtEWE-’EﬂEtI"."I[","." J GI nt d am ag e : macrophagi/ - Synovial

!;]Eﬂi".i{:ﬁ ; 60Ka fibroblast LCXCL13
I— -'- ' PGE, —~
1 Y SN
Activation of Synovial e TN \/ O e asHlEa . B cells
innate immunity inflammation 'TF‘ centre C@@ T cells

o 1 " t . | Cartilage' | _ MMPs, IL6
¢ [ damage | ™ |L1p, TNF
Chronic B UL_.]ITEE:-H":'E 5 / RANKL

iMMunNe response :
K ~ RANKL %: ACPAS @ ——
% NFILT ~, cell
LT N I3

Osteoclast " Pre-osteoclast Autoantlbodle
»
@ TRANKL L IL25e.
Migration Recrutment P\ N - i

Osteoblast
DG = dendrisic cell; FLS = fibroblast-like synoviocyte; Mdr = macrophage; T = T ce Nature Reviews | Rheumatolog)




RA progrese

e Casny Panus

* Granulace, zanét na
synovidlni membrane,
napada kloub, zmékcuje a
ni¢i chrupavku




MODERATELY ADVANCED RHEUMATOID ARTHRITIS

RA progrese

Pokrocily panus
Kloubni chrupavka mizi, kost
pod chrupavkou je znicena

Fibrozni ankyloza
Fibrozni pojivo nahrazuje
panus

Kostni ankyloéza
Mozna kalcifikace tkani a
kloubt




Podkozni revmatické
uzly


http://www.archrheumatol.net/atlas/img31b.html
http://www.archrheumatol.net/atlas/img31a.html

Diagnostické nastroje

e Revmatoidni faktor

* Anti-CCP protilatky

* RTG - TSS

* MRI

e Ultrazvuk



Revmatoidni faktor

* Protilatka namirena proti Fc casti IgG

* Pozitivita priblizné 80% pacientu s RA
* Citlivost pro RA je ~ 80%

e Specificita je 85-95%
* Muze se podilet na patogenezi onemocnéni
* Vyssi hladiny spojeny s horsi prognozou

* Nalezeno u jinych onemocnéni, zejména v hepatitidé C



Proti

atky proti cyklickému citrulinovanemu

peptidu(CCP) u RA

* Abs proti cyklickému citrulinovanému peptidu

Casna diagndza RA
Citlivost 48%; Specificita 96%
U 2% pacientu s jinymi autoimunitnimi onemocnénimi a infekcemi

Méne nez 1% zdravych kontrol
Predpovida erozivni onemocneéni

Pritomny roky pred nastupem priznakd.
* 34% vzorku 2,5 roku pred nastupem priznaku (oproti 1,8% kontrol)



Proti étky oroti cyklickému citrulinovanemu
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Komplakace RA

* Syndrom karpalniho tunelu,
Bakerova cysta, vaskulitida,
subkutanni uzly, Sjogrenuv
syndrom, periferni neuropatie,
srdecni a plicni postizeni,
Feltylv syndrom a anémie

RA Is a Multisystem Disease

Eye
scleritis
keratoconjunctivitis

Cardiovascular
atherosclerosis
vasculitis

Rheumatoid nodules/

Raynaud’s syndrome

Hematologic
granulocytopenia
hyperviscosity
anemia
thrombocytosis

Courtesy of S. Bemey, MD

Pleura
effusions

Lung
fibrosis, nodules

Lymph node
reactive lymphadenopathies

Pericardium
effusions

Spleen
splenomegaly

Kidney & gut
amyloidosis

Muscle
myopathy

Dermatologic
thinning, ulceration,
Sjogren’s syndrome

Nervous system
peripheral neuropathy




Klouby u SLE %

C3bBb3b \C4bC2:3b

Cartilage

e Témér vsichni pacienti se SLE trpi bolesti nebo ®
zanétem kloubu. E

 Jakykoli kloub mUze byt ovlivnén, ale nejastéjSimi
misty jsou ruce, zapeéesti a kolena.

* Obvykle jsou postizeny stejné klouby po obou
stranach téla

* Meékké tkané kolem kloubU jsou Casto oteklé, ale v
kloubu obvykle neni nadbytecna tekutina.

* Mnoho pacientU s SLE popisuje bolest a slabost svald.




Seronegativni Spondyloartropatie

» Sklada se ze skupiny pfibuznych onemocnéni, které zahrnuji Family of Spondyloarthropathies

Reiteruv syndrom, ankylozujici spondylitidu, psoriatickou o
e e . . . ’ . . . ’ . v ’ . Reactive ondylo-

artritidu a artritidu ve spojeni s idiopatickymi stfevnimi Arthrits Nyt
zénéty ZN

* Obvykle se vyskytuje u mladych muzu s primérnym Psoratic ~ ’
vyskytem od 25 do 34 let e

. IBD
* Prevalence je kolem 1%

 Pomér muzu k Zendm je asi 4 k 1 u dospélych Kavkazanu

* Genetickeé faktory hraji dulezitou roli v nachylnosti ke kazdé
chorobé




Seronegativni Spondyloartropatie

* Spondyloartropatie sdileji urcité spolecné rysy, vcetné nepritomnosti séroveho
revmatoidniho faktoru, oligoartritidy obvykle zahrnuijici velké klouby dolnich
koncetin, Casté postizeni axialni kostry, familiarni klastr a vazba na HLA-B27

* Tyto poruchy jsou charakterizovany zanétem v mistech Uponu vazu, slach, fascii
nebo kloubnich pouzder (entesopatie)



Sacroiliitida

e Zanét sakroiliakalniho kloubu e
* Symptomy obvykle zahrnuji horecku a snizeny /; / /e
rozsah pohybu. 7
* RTG jedince se sakroiliitidou a ankylozujici S
spondylitidou. Sipky ukazuji na zanicené a

o L 1 = Y
- LA AR | B — bkl Lia
Sacroiliac joint —— B¢ Eiinl NYY =¥

zuzeneée Sl spoje s kostni sklerézou kolem
kloubu




Ankylosujici Spondylitida

A The Normal Spine B Normal Spine—Ligaments Attached

* Chronické onemocneéni, které postihuje -
hlavné pater a muze zpusobit tuhost zad. X

u?

* Klouby a vazy jsou zanicené. Klouby a
kosti mohou fuizovat. M

e zanety a chronicka bolest a ztuhlost v
dolni Casti zad, ktera obvykle zacCina tam,
kde je spodni Cast patere spojena s panvi - 1 e
nebo kycli. L el

* Diagnodza: RTG, HLA-B27 gen

{ Advanced
Early ankylosing ankylosing

spondylitis spondylitis

Fusion



Psoriaticka artritida

* PriCinou bolesti a otoku v nékterych kloubech a
koZnich symptomu v nékterych oblastech téla.
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* Priznaky jsou: |
* Asi 95% pacientU s psoriatickou artritidou ma
otoky v kloubech mimo pater
* Bolest a otok v jednom nebo vice kloubech

* Otok prstd rukou/prstl nohou, se
"salamovym" vzhledem.




Revmaticka polymyalgie (Polymyalgia
rheumatica, PMR)

e zanetlivé revmatické onemocnéni
nejasneé etiologie

* Postihuje lidi ve strednim, nejcasteéji
kolem 70. roku zivota

e charakteristicka bolest a ztuhlost

Sije a pletencl ramennich a
panevnich

EULAR

e Casto se sdruZuje s temporalni
arteritidou (asi v 15 % pripadu)

» Zacatek pozvolny, i akutni



Degenerativni onemocneni kloubu
Osteoartroza (Osteoarthritis)

e Je charakterizovana progresivni ztratou
chrupavky a reaktivhimi zménami na okraji

kloubu a v subchondralni kosti

* Onemocnéni obvykle zacCina ve 4. dekadeée

* Prevalence se s vekem zvySuje a onemocneéni se
u osob ve veku 65 let a starSich stava
Juniverzalni®

* Primarné postihuje klouby nesouci vahu, jako
jsou kolena, kycle a lumbrosakralni pater




Rizikoveé faktory pro osteoartrozu

* Biomechanika kloubu je diktovana anatomickymi a funkénimi faktory
* Anatomické faktory zahrnuji morfologii kloubu
* S ohledem na funkcni faktory, Spatna funkce kvadricepsu
* Sport
* vek
* snizeni regeneracni kapacity a akumulace rizikovych faktoru
e Zranéeni

 Obezita

 zatizeni nosnych kloubu,
 zvysena citlivost kloubu prostrednictvim zanétlivych adipokinu

e Genetika



A Healthy ' B Osteoarthritis

Patogeneze

Vascular infiltration

Osteoclast (increased
bone turnover)

Bone
Calcified cartilage

Deep zone
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Chrupavka, subchondralni kosti a synovium pravdepodobné vsechny
hraji klicovou roli v patogenezi onemocnéni a muze byt pritomna
také souvislost se systémovym zanétem.



Chrupavka

* hlavni strukturni protein - kolagen typu I, ktery poskytuje sit pro
stabilizaci pomoci kolagenu jinych typu a nekolagennich proteinu a

poskytuje chrupavce pevnost v tahu.

* Agrekan a dalsi proteoglykany jsou ukotveny v této siti a Cerpaji vodu do
chrupavky, coz poskytuje tlakovou odolnost.

* Architektura chrupavky a biochemické slozeni jsou prisné regulovany

chondrocyty v reakci na zmény

* produkuji proteiny zanétlivé odpovédi, jako jsou cytokiny, v€etné interleukinu 1B,
interleukinu 6 a tumour necrosis factor (TNF) a, a enzymy degradujici matrix,
vcetné metaloproteinaz a a disintegrin and metalloproteinase with
thrombospondin-like motifs (ADAMTS).



Synovium

* Synovitis je béznym rysem osteoartrozy,atoi u
casného onemocneéni. V progresi osteoartrozy
je pozorovana proliferace synoviocytu a

* Synoviocyty syntetizuji lubrikanty, jako je
kyselina hyaluronova a lubricin.
* Ty prispivaji k optimalni funkci kloubu, ale vykazuji
snizenou lubrikacni kapacitu u osteoartrozy.

o SynOViOcyty, Stejné ja kO Chondrocyty a ;OHIESLANCET,VOLUME386,ISSUE9991,P376-387,JULY25:
osteoblasty, také uvolnuji v pripadé aktivace
zanetlivé mediatory a degradacni enzymy.



Subchondralni kost

e Subchondralni kortikalni kost tvori rozhrani mezi kalcifikovanou
chrupavkou a trabekularni kosti.

* U osteoartrozy - vyrazné zmeny od normalu jsou vidét ve strukture a
slozeni kortikalni i trabekularni kosti.

* Znamky enchondralni osifikace s vaskularni penetraci jsou u
osteoartrozy obnoven. Tento proces je doprovazen tvorbou osteofytu a
subchondralnich cyst.



Degenerativni onemocnéni kloubu

e U cCasné fazi onemocneéeni dochazi k bolesti po
namahani kloubu a s ulevou po odpocinku

e S progresi nemoci dochazi k bolesti u
minimalniho pohybu nebo dokonce v klidu

* NocCni bolesti jsou obvykle spojovany se
zavaznym onemocnénim

Image of the knee joint with
arthritis clearly present
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Shrnuti

Tab. 3 Diferencialni diagndza revmatoidni artritidy

Diagniza Typicky vék a pohlavi Pfiznaky Klinicky nalez Laboratorni vysledky Charakteristické rysy
Revmatoidni artritida  Jakykoliv vek Bolesti a otoky kloubd Artritida zapésti, Obwykle vyssi CRP/FW, Symetrické postizeni
Teny 3= Eastji spojené s ranni ztuhlosti,. ~ MCP a MTP kloubi RE/ACPA pozitivni
inava u asi 70 % nemocmych
Psoriaticka Jakykoliv vik Bolesti a otoky kloubi, Artritida, entezitida, Laboratorni vyZetfeni miZe Miie byt sakroiliitida,
artritidalperiferni bolesti v mistech Gponi dakiylitida (bolestivy otok byt v normé vEené CRP/FW  spondylitida, plantarni
spondyloartritida &lach a entezi. mohou byt celého prstu) a HLA B27 fasciitida, artritida DIP
zanétlivé bolesti zad kloubii, zmény nehti,
anamnézra psoriazy
u pacienta nebo pribuzmjch
Systemovy lupus Dbwykle 20-40 let Projevy multiorganového  VEtSinou spiSe bolestivost  Pozitivita ANA Neerozivni artritida
erythematodes Teny 10« Castéji postizeni (napf. nei otoky kloubd Lasto cytopenie
vyraika fotosenzitivita,
pleuritida,
plomerulonefritida)
Revmaticka Vidy > 50 let (asto nahly zatatek, Miiie byt artritida zapésti,  Vy35i CRPIFW Miie byt spojena
polymyalgie Teny 2= Eastaji bolesti a ztuhlost pletence  otok ruky (Easto wrazng), s vashulitidou velkych
ramenniho a panevnih, negativni RFFACPA cév (s obrovskobungtnou
celkové priznaky (inava, arteritidou)
subfebrilie)
Polyartikularni dnava  VyEsi vek Obvykle anamnéza dnavych  Artritida, dnavé tofy Byva zvyiend Nemocni Casto uZivaji
artritida Mui 3« Eastaji zachvati pred rozvojem koncentrace kyseliny diuretika, konzumuji
palyartritidy mofové, uratove krystaly  alkohol, maji rodinnou
v kloubni tekuting anamnézu dny
Paraneoplasticka Vyssi vk Nahly zatatek, mohou byt Asymetricka artritida Negativni RFIACPA
artritida dal&i priznaky maligniho
onemocnéni
Virova artritida Nahle vznikla artritida, miZe Sérologie parvoviru B19, Anamnéza kontaktu
byt vyraika, horetka viri hepatitidy B a C, 5 nemocnymi cesty
HIV. alfaviri do rizikovych oblasti
Osteoartriza Obvykle = 45 let Bolesti DIP PIP a CMC kloubi, Hmatné osteofyty DIP Laboratorni vySetteni Obwykle symetricks
Castjsiu Zen tasto postizeni kolen/kycli  (Heberdenovy uzle nEprinosné postizeni, zmény na RTG
a PIP (Bouchardovy uzle)

ACPA - protilatky proti citrulinovanym peptiddm: ANA - antinuklearnl protilatky; CMC - karpometakarpalnf klouby; CRP - C-reaktivnl protein; DIP - distdln( interfalangealni klouby;
FW - sedimentace erytrocytd; HIV - virus lidského imunodeficitu; HLA B27 - lidsky leukocytrnf antigen; MCP - metakarpofalangedini klouby; MTP - metatazofalangeilnl klouby;
PIP - proximalnf interfalangealni klouby; RF - revmatoidni fakiory; RTG - rentgen

LUpraveno podie ookazy 4.

R

-

DIP: DA PsA

==

i

PIP: DA, RA. PsA

TSN e

1.CMC: 0A
zapesti: RA. dna

Deluervainova
tenosynovitida

Obr. 2 Typicka distribuce postiZenf pii rdznych kloubnich onemocnénich.

CMC - karpometakarpalni sklouben); DIP — distalni interfalangealini kiouby; MCP — metakarpofalangeal-
ni klouby: OA — ostecartroza; PsA - psoriaticka artritids; PIP - praximalnl interfatangealn! klouby; RA -
revmatoidni artritida

Upraveno podle odkaz 8.

Rheumatology: Diagnosis and Therapeutics. Philadelphia: LWW, 2004; 196.
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Skeletal muscle in health and disease

Shetetal muncle fibres are multinucieated cells that are speciatized to perform muncle contraction, Growth and repair of mascle
fibres occurs by funion of precurtr cells dertved from satefite cells, These, in normal uninjured muscle, e in 3 dormant state
betwoon the plasmatemma of the muscle fitee and the overlying basement mambrane, but a0 rapidly activated by injury of the
hent fidee and, 10 10me extont, nedrty Mbres, Actely jured muscle is efficlently ropained by this proceds But falls peogretsively in
e context of the repeated chronic injury that characterizes muscular Systrophies such 35 Duchenne muidulas dystrophy.
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Avarety of enviroomental factons contritute to Increasos (hypertrophy) or docreanes in muscie sioe (atrophy). Mypertrophy is
wpparted by mechanical exerciie and nuarition (particutarly theough the intake of aming acidi, which induce the mTOR pathway)
Conversoty, atrophy t the comsequence of & lack of exerciie, inadequate marithon or 3 lods of Bormanal signals prometing muicle

fetention, 3 process that occurs with incroasing age.
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The expeession of ey myogenic regulatons drives the activation and differentiation of sateitite cofts that fune 1o form myctubes and
murcle fibeer, Sateline colls may become acthvated either during normal muicle growth or §s response b0 Injury. Acthated satclie
Colls Can returm Lo QUitICnCe i 3 1ource of Muture myogenic cells (1adl-romewal), Altomatively, they may proi¥forate and
differentiate, ultimately giving rise 10 ompafres, within which the contractile eloments of theletal muscle are exprosiod.
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Activation of satellite cells-

Activation and differentiation of satelite cells occurs through regulation of thelr cell cycle, I resting adult musches, sateltite colls
are not actively dhviding (donmant or G, state). However, mitogenic tignals ceteanad upon mencle injury can Caute quiescent
teline colls 80 re-enter the <oll cycle and 12art 8o divide,
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Problems and the future

Muscle regeneration fails jvsessanee csescessessasssssessannsvansanss,
in 2 dystrophic ey : ey pesory B g oo o B [ echcsa st o mambes | Muscle regencration is effective following
SIAURINT Sl § vty welt-renawal and H cell protiferation | |in resporae 1o injury ‘ e acute injury, but is inadequate in some

of porential cetlutar - 0 v 7 i

dedects. Curroet research ' Activated Quicscent | Satellite cell senescence 1 death muscular dystrophies,

fecunes on (1) kmproving satellite cell cell /

the regenerative fepome, Bocr. B Better models to study muscular dystrophies
espacially 1o counteract ﬁy ” % o are required. Although the mdx mouse s a
the long-tenm fallure that Q> useful model for many purposes, it does not

ocCurs in Systrophic
murcle, and (IF) for

<
neuromescular diseases in %
which there &5 myofitee ——
necrogs, such as DMOD, :
using the regencrative )
process to introduce e A
therapeutic agents ! 3 -
I oAt et o P
penes mutated in patieots) \ g
ine the mucte. ——

adequatety reproduce the limited muscle
regeneration or extensive fibrosis that occur in
DMD patients.

The muitifactorial influences on skeletal
mauscle regeneration in vive portray the
complexity of the system; this shoutd be borne
in mind when designing experiments and
analysing data.

Jennifer Morgan, and Terence Partridge Dis. Model. Mech.
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Svaly

Familial

Pre-junctional (peripheral
neuropathies):

Charcot-Marie-Tooth
Fredrich’s ataxia
Spinal muscular atrophy

Junctional:

Congenital myasthenia
gravis

Post-junctional:
Dystrophies:
Duchenne
Becker's

Myotonias:
Myotonic
dystrophy
Myotonia
congenital

Hyper, hypokalaemic
periodic paralysis
Congenital myopathies
Metabolic/
mitochondrial disorders
Malignant
hyperthermia
susceptibility

Acquired

Pre-junctional:

Motor neurone disease
Multiple sclerosis
Guillain-Barré syndrome

Peripheral neuropathies
e.g. diabetes mellitus

Junctional:

Myasthenia gravis
Eaton-Lambert
syndrome

Post-junctional:

Inflammatory
myopathies

Critical illness
polyneuropathy and
myopathy



DUCHENNOVA SVALOVA DYSTROFIE

» X-linked recesivni porucha, nekdy také nazyvana pseudohypertroficka
svalova dystrofie

* vyskyt ~1 na 5200 zivych muzu
* ve véku 5 let je svalova slabost zrejma svalovym testovanim

* svalova biopsie ukazuje svalova vlakna ruzné velikosti, stejné jako malé
skupiny nekrotickych a regeneracnich vlaken

* pojivova tkan a tuk nahrazuji ztracena svalova vlakna
* zpusobené mutaci genu, ktery koduje dystrofin,



Dystrophin

il * a427-kDa protein localized to the inner surface
Collagen VI .
of the sarcolemma of the muscle fiber

Merosin

/ D ®)
Dystoglycan
complex Sarcoglycan
-

e dystrophin gene is >2000 kb in size and thus is
I one of the largest identified human genes

! 2 <SR S ) * |ocalized to the short arm of the X

o7

Dystrophin 1..;4‘ Calpain sferlin complex
= N . chromosome at Xp21.
0 Golgi
Y= R o \ . . .
= a4 ’W * the most common gene mutation is a deletion
" A/ " POMT1
Intracellular z o . .
| Z——  the size varies but does not correlate with

/ Fukutin . .
T disease severity
protein

Source: D. L. Kasper, A. S. Fauci, S. L. Hauser, D. L. Longo, J. L. Jameson, J. Loscalzo: Harmison's Principles of Internal Medicine, 19th Edition.
www.accessmedicine.com
Copyright © McGraw-Hill Education. All rights reserved.



BECKER MUSCULAR DYSTROPHY

meéneé zavazna forma recesivni svalové dystrofie spojena s chromozomem X je
vysledkem alelickych defektu stejného genu zodpovédného za Duchennovu dystrofii.

Beckerova svalova dystrofie je ~10krat ménée Casta nez Duchennovy
proximalni svaly, zejména dolnich koncetin
jak nemoc progreduje, slabost je vyraznéjsi

mentalni retardace se muze objevit i u Beckerova dystrofie, ale neni tak ¢asta jako u
Duchennovy

Genetické testovani odhalilo delece nebo duplikace genu dystrofinu u 65% pacientu s
Beckerovou dystrofii

u ~95% pacientu s Beckerovou dystrofii nejde o zménu ¢teciho ramce DNA. Tyto
mutace "in-frame" umoznuji produkci nékterych dystrofinu



Proteiny spojené se svalovou dystrofii

he

T o * emerin a lamin A/C jsou slozky vnitrni
jaderné membrany. V sarkomere je

S 4 naceluer zastoupeno nekolik proteinu
W Y L™ N spojenych s dystrofii, vcetne titinu,
4 S e ””W nebulinu, kalpainu, telethoninu,
) Tletnonin| oz eces aktininu a myotilinu

7 4
/‘/ ;

Emerin

Nuclear
pore

Contractile proteins
in sarcomere

Lamin A/C

Source: D. L. Kasper, A. S. Fauci, S. L. Hauser, D. L. Longo, J. L. Jameson, J. Loscalzo: Hamson's Principles of Internal Medicine, 19th Edition.
www.accessmedicine.com

Copynght © McGraw-Hill Education. All rights reserved.



Table 2. Defects caused by the different muscular dystrophies

Where protein is

expressed in Cellular phenotype of

Muscular dystrophy Gene Protein skeletal muscle disease Therapeutic targets

Duchenne and Becker DMD Dystrophin Myofibre Myofibre Dystraphin restoration by
muscular dystrophy sarcolemma; degeneration; gene therapy (Aguti
(DMD and BMD) satellite cells satellite cell et al., 2018) or exon

exhaustion; skipping (Cirak et al.,
impaired satellite 2011) in animal models
cell self-renewal and clinical trials

Laminin alpha-2 LAMAZ Laminin alpha-2 Extracellular Myofibre Expression of linker
deficiency (MDC1A) matrix degeneration; proteins (mini-agrin) in

impaired mice (Reinhard et al,,

regeneration 2017); anti-apoptotic
agents (Meinen et al.,
2011} in mice

Collagen VI-deficient COLBAT Collagen VI Extracellular Myofibre Reactivation of autophagy
congenital muscular COLBAZ matrix degeneration; in clinical trial
dystrophy (CMD) COLBA3 defective (Castagnaro et al.,

autophagy; 2018); anti-apoptotic
impaired satellite agents in mice (Palma
cell seli-renewal et al., 2009)
Dystroglycanopathy POMT1 Protein-O-mannosyl-transferase 1; Myofibre Impaired satellite cell  Restore glycosylation in
POMT2 protein-0-mannosyl-transferase 2; sarcolemma proliferation mice (Cataldi et al.,
FKTN fukutin; fukutin-related protein; like- 2018); FKRP gene
FKRP acetylglucosaminyltransferase; therapy in mice (Vannoy
LARGE O-linked mannose beta-1,2-N- etal, 2018)
POMGNT1 acetyl-glucosaminyl-transferase;
ISPD isoprencid synthase domain-
containing protein

SEPNT (also known as SEPN1 Selenoprotein N Endoplasmic Reduced satellite cell  Antioxidants in vitro
SELENON)-related reticulum number; impaired {Arbogast et al., 2009)
myopathy muscle

regeneration
LMNA-related CMD LMNA Lamin A/C Muclear envelope  Skeletal muscle Trans-splicing gene
(L-CMD) atrophy: impaired therapy to reduce
satellite cell mutated transcript,
differentiation in vitro and mouse
model (Azibani et al.,
2018)

Emery-Dreifuss EMD Emerin Nuclear envelope  Impaired satellite cell  mTOR inhibitors (reviewed
muscular dystrophy proliferation in Chiarini et al., 2019)
(EDMD)

Sarcoglycanopathy SGCA Alpha-sarcoglycan; beta-sarcoglycan;  Myofibre Reduced salellite cell  Gene therapy to restore
LGMD2D SGCB gamma-sarcoglycan; delta- sarcolemma number beta-sarcoglycan in
LGMD2E SGCG sarcoglycan mice (Pozsgai et al.,
LGMD2C SGCD 2017); endoplasmic
LGMD2F reticulum quality control

in vitro (Soheili et al.,
2012}

Calpainopathy CAPN3 Calpain 3 Myofibrils; Impaired satellite cell  Genome editing in vitro
LGMD2A differentiating proliferation and (Selvaraj et al., 2019)

myoblasts differentiation

Dysferlinopathy DYSF Dysferlin Myofibre Impaired satellite cell ~ Exon skipping in mouse
LGMD2B sarcolemma differentiation model (Malcher et al.,

2018); membrane
stabilization in mouse
model (Sreetama et al.,
2018)

Facioscapulo-humeral DUX4 Double homeobox 4 Mucleus: hypo- Myoblast apoptosis Silencing DUX4 by gene

muscular dystrophy methylation of therapy to deliver
the D474 targeted microRNA in
region of mouse model (Wallace
chromosome 4 etal, 2018);
scapulothoracic
arthrodesis (Eren et al.,
2019)

Myotonic dystrophy DMPK Dystrophia myotonica protein kinase; Nucleus: Reduced satelite cell  DMPK mRMA knockdown
Type 1 CNBP CCHC-type zinc finger nucleic acid- expansion of number; impaired in vitro (Seow et al.,
Type 2 binding protein CTGin satellite cell 2012; reviewed in

untranslated proliferation; QOverby et al., 2018);
region myoblast Mexiletine (Nguyen and
senescence Carmpbell, 2016);
adding muscleblind-like
protein 1 (reviewed in
Konieczny et al., 2017)

QOculopharyngeal PABPN1 Poly(A)-binding protein nuclear 1 Nucleus Impaired satellite cell  Myoblast transplantation
muscular dystrophy proliferation and clinical trial (Perié et al_,
(OPMD) differentiation; 2014); medulation of

increased number endoplasmic reticulum
of satellite cells in stress in a mouse model
affected muscles (Malerba et al., 2019);
knockdown of protein
in vitro (Abu-Baker et al.,
2019)

Carey-Fineman-Ziter MYMK! Myomaker Cell membrane; Defect in myoblast None as yet
syndrome TMEMEC Golgi fusion

apparatus

Early-onset myopathy, MEGF10 Multiple epidermal growth factor-like Cell membrane Dysregulation of seratonin
areflexia, respiratory domains protein 10 myogenesis; reuptake inhibitors
distress and impaired satellite in vifro and in Drosophila
dysphagia cell proliferation, and zebrafish models
(EMARDD) self-renewal and (Saha et al., 2019)

quiescence

POGLUT1 muscular POGLUT? Protein O-glucosyl-transferase 1 Endoplasmic Reduced satellite cell  None as yet
dystrophy reticulum number

X-linked myotubular MTMT Myotubularin Cytoplasm Reduced salellite cell  Gene therapy to deliver
myopathy number short hairpin RNA to

knock down dynamin
2 in a mouse model
(Tasfaout et al., 2018)
PAX7-related myopathy ~ PAX7 Paired box 7 Satellite cell Satellite cell None as yet
nucleus exhaustion

Table 2. Defects caused by the different muscular dystrophies

Muscular dystrophy

Gene

Protein

Where protein is
expressed in
skeletal muscle

Cellular phenotype of
disease

Therapeutic targets

Duchenne and Becker
muscular dystrophy
(DMD and BMD)

Laminin alpha-2
deficiency (MDC1A)

Collagen Vi-deficient
congenital muscular
dystrophy (CMD)

Dystroglycanopathy

DOMD

LAMAZ

COLGAT
COLEAZ
COLEA3

POMT1
POMTZ
FKTN
FKRP
LARGE
POMGNT1
ISPD

Dystrophin

Laminin alpha-2

Collagen VI

Protein-O-mannosyl-transferase 1;
protein-O-mannosyl-transferase 2;
fukutin; fukutin-related protein; like-
acetylglucosaminyltransferase,
O-linked mannose beta-1,2-N-
acetyl-glucosaminyl-transferase;
isoprenoid synthase domain-
containing protein

Myofibre
sarcolemma;
satellite cells

Extracellular
matrix

Extracellular
matrix

Myofibre
sarcolemma

Myofibre
degeneration;
satellite cell
exhaustion;
impaired satellite
cell self-renewal

Myofibre
degenearation;
impaired
regeneration

Myofibre
degeneration;
defective
autophagy;
impaired satellite
cell self-renewal

Impaired satellite cell
proliferation

Dystrophin restoration by
gene therapy (Aguti
et al., 2018) or exon
skipping (Cirak et al.,
2011) in animal models
and clinical trials

Expression of linker
proteins (mini-agrin) in
mice (Reinhard et al.,
2017); anti-apoptotic
agents (Meinen et al.,
Z2011) in mice

Reactivation of autophagy
in clinical trial
(Castagnaro et al.,
2016); anti-apoptotic
agents in mice (Palma
et al., 2009)

Restore glycosylation in
mice (Cataldi et al.,
2018); FKRP gene
therapy in mice (Vannoy
et al., 2018)



